Purpose: We investigated the effectiveness and safety of intravesical resiniferatoxin (Sigma Chemical Co., St. Louis, Missouri) and botulinum-A toxin injections into the detrusor muscle in a group of spinal cord injured patients with neurogenic detrusor overactivity unresponsive to conventional anticholinergic therapy.
New strategies for treating refractory neurogenic detrusor overactivity include intravesical administration of vanilloid agents and botulinum-A toxin injections into the detrusor muscle. 1 Resiniferatoxin (RTX) has been shown to inhibit transmission from the bladder along the afferent C fibers, providing durable, months long beneficial effects in 60% to 70% of patients with neurogenic detrusor overactivity. [2] [3] [4] [5] Botulinum-A toxin selectively blocks acetylcholine release from nerve endings and has recently been used for inhibiting parasympathetic neural transmission into the detrusor muscle in patients with neurogenic detrusor overactivity and urinary incontinence with long lasting and eventually reversible beneficial effects. 6, 7 Preliminary results have shown a significant increase in bladder capacity and in urinary continence with both treatments. However, to our knowledge there are no clinical studies comparing intravesical RTX and botulinum-A toxin injections into the detrusor muscle. We investigated the effectiveness and safety of intravesical RTX and of botulinum-A toxin injections, comparing clinical and urodynamic effects over long-term followup in a group of spinal cord injured patients with neurogenic detrusor overactivity unresponsive to conventional anticholinergic therapy.
MATERIALS AND METHODS
Patient characteristics. Enrolled in this study were 18 males and 7 females with chronic spinal cord injury. Mean age Ϯ SD was 38.4 Ϯ 12.5 years and mean disease duration was 41.8 Ϯ 16.5 months. Neurological clinical evaluation followed American Spinal Injury Association classification, 8 a type A impairment was observed in 16 patients and a type B was detected in 9. A total of 20 patients had a lesion at the thoracic level while the remaining patients showed a cervical injury. The study was approved by the ethics committee, all patients were informed about the scientific nature of the study and provided written consent.
Preliminary assessment. Standard evaluation included a history, physical examination, serum chemistries, urinalysis, urine culture and imaging assessment of urinary tract by ultrasound, excretory urography and cystourethrography. Baseline urodynamics followed International Continence Society standards 9 and was performed 1 month before commencing the study. Maximum pressure of uninhibited detrusor contractions (UDC), the lowest volume (threshold) at which contractions occurred and maximum bladder capacity were recorded. Inclusion criteria were unacceptable clinical (patient driven) and urodynamic suppression of detrusor activity (author assessment) by oral and intravesical oxybutynin, intolerable anticholinergic side effects, normal renal function, no vesicoureteral reflux and a normal upper urinary tract. Patients with myasthenia gravis and other diseases affecting cholinergic action, pregnancy and concomi- tant use of aminoglycosides were excluded from study. All patients performed clean intermittent catheterization and were taking oral anticholinergics.
Study plan. A total of 25 patients fulfilling all criteria were selected and randomized by commercially available software into 2 groups. Patients in group 1 (13) received intravesical administrations of RTX for 45 minutes through a polyvinyl chloride catheter with real-time cystometrography as outpatients in our urology department. Resiniferatoxin 1 mg was dissolved in 0.9% sodium chloride as a stock solution, sterile filtered and divided into aliquots which were stored at Ϫ80C. On the day of use instillations were prepared by diluting the stock solutions with 0.9% sodium chloride to the requisite concentration of 0.6 M in 50 ml of 0.9% NaCl. Patients in group 2 (12) were injected with 300 units of commercially available botulinum-A toxin diluted in 30 ml 0.9% NaCl into the detrusor muscle (30 sites, sparing the trigone) under cystoscopic control. 6 In 6 patients (4 with lesions above T5 and prone to autonomic dysreflexia, and 2 with increased spasticity and leg spasms) the procedure was performed with the patient under spinal anesthesia on an inpatient basis. The remaining procedures were performed with the patient under sedation only.
Patients were asked to decrease the daily dosage of anticholinergics within 15 days of the beginning of treatment. RTX and botulinum-A toxin treatments were repeated after confirmation that frequency of daily incontinence episodes, and catheterization and urodynamic parameters had returned to baseline values. Urinary symptoms were assessed with a voiding diary maintained by patients for 30 days before commencing the study and for 2 days per week throughout followup. Patients recorded the number of daily catheterizations and episodes of incontinence. Urodynamic studies were repeated at 6, 12 and 18-month followup, and uninhibited detrusor contractions threshold, maximum pressure and maximum cystometric bladder capacity were recorded. Local and/or systemic side effects were noted during and after treatments.
Data analysis. Statistical analysis was performed using the Friedman, Wilcoxon and Mann-Whitney tests for nonparametric data. The Bonferroni correction was applied to post hoc multiple comparisons and the procedure of Cuzick 10 was used to calculate the z test for trend. Statistical significance was set at p Ͻ0.05. All data analyses were performed using SPSS release 10.1.1 for Windows (SPSS Inc., Chicago, Illinois, 1999).
RESULTS
Pretreatment assessment. Initially 10 patients in group 1 and 12 in group 2 had incontinence episodes, and used pads or external collecting devices. There were no significant differences in patients who received RTX and botulinum-A toxin with respect to the frequency of catheterization, daily incontinent episodes (see table) or the number using pads and/or external devices. Urodynamics revealed detrusor hyperreflexia, with detrusor-sphincter dyssynergia in 17, decreased bladder capacity and urinary incontinence in all patients. There was no significant difference in bladder capacity, uninhibited detrusor contraction threshold or maximum pressure of contractions in patients assigned to the RTX or botulinum-A toxin arms (see table) . In group 1, 7 patients and in group 2, 6 patients reported signs and symptoms of autonomic dysreflexia which were also detected during urodynamic evaluation.
Followup. RTX Arm: Mean followup was 14.8 Ϯ 3 months, mean number of instillations per patient was 8. ) we detected a significant increase in the uninhibited detrusor contractions threshold, and in maximum bladder capacity at 6, 12 and 18-month followup (p Ͻ0.001). We did not observe any significant change in maximum pressure of uninhibited detrusor contractions during followup compared to baseline. Episodes of autonomic dysreflexia disappeared in 3 patients during urodynamics and the remainder reported an amelioration of the condition during everyday life. We did not observe any local or systemic side effects during or after intravesical instillations. Ten patients continued to take anticholinergics during the entire observation, but with an average decrease of 56.4% in dosage (in 3 patients, 100%).
Botulinum-A Toxin Arm: Mean followup was 14.2 Ϯ 3.9 months, the number of treatments per patient was 2.1 Ϯ 0.7 and mean time between 2 consecutive injections was 6.8 Ϯ 1.5 months. Clinical results are shown in the table. At 6 months mean catheterization and incontinent episodes were significantly decreased compared to baseline (p Ͻ0.001 and p Ͻ0.001, respectively). At 6 and 12 months 9 patients were completely continent and 6 of them followed to 18 months remained continent. In the remaining patients we observed a decrease in daily incontinent episodes. At 6, 12 and 18 months urodynamic evaluation (see table) revealed a significant increase in the uninhibited detrusor contractions threshold (p Ͻ0.001) and in maximum bladder capacity (p Ͻ0.001), and a significant decrease in maximum pressure of uninhibited detrusor contractions (p Ͻ0.001) as compared to before treatment. Episodes of autonomic dysreflexia disappeared during urodynamics in 4 patients at 6, 12 and 18 months, and patients did not report any episode during everyday life. We did not observe any local side effects during and after intra-detrusor injections. One patient complained of mild asthenia soon after the first treatment, which persisted for 10 days. There were 7 patients who continued to take anticholinergics during followup but with the dosage decreased by an average of 62.5%.
Urodynamics in 13 patients in RTX arm and in 12 patients in botulinum-A toxin arm
RTX Versus Botulinum-A Toxin: There was a significant decrease in the frequency of daily incontinence episodes in the botulinum-A toxin arm compared to RTX at 6, 12 and 18-month followup (p Ͻ0.05). Furthermore, we detected a significant increase in the uninhibited detrusor contractions threshold (p Ͻ0.01) and in maximum bladder capacity (p Ͻ0.01), and a significant decrease in maximum pressure of uninhibited detrusor contractions (p Ͻ0.01) in the botulinum-A toxin arm compared to RTX at 6, 12 and 18-month followup.
DISCUSSION
During the last decade there have been many efforts to provide therapeutic alternatives to standard anticholinergics in the treatment of neurogenic detrusor overactivity. Administration of intravesical resiniferatoxin and botulinum-A toxin injections into the detrusor muscle represent new therapeutic options for patients who do not respond to or who cannot tolerate standard anticholinergic regimens. 1 They differ largely in chemical structure and mechanisms of action, and techniques for administration are not fully standardized.
The reorganization of the micturition reflex after the interruption of spinal cord pathways induces C fiber afferents to become mechanoreceptors which initiate reflex voiding. 11 This process is the rationale for using intravesical resiniferatoxin to decrease the number of C fiber afferents into the bladder wall, and to suppress detrusor overactivity and urinary incontinence. 2 Several studies have been done on the treatment of neurogenic [3] [4] [5] and nonneurogenic detrusor overactivity, 12 and they all indicate that intravesical administration of RTX is safe and effective in increasing the bladder volume at which uninhibited detrusor contractions occur and increasing maximum bladder capacity. Our failure to induce significant change in the maximum pressure of UDC is a cause for concern. Although this effect can be anticipated from the mode of action of RTX (inhibition of the afferent arm of the reflex arc) when associated with detrusor-sphincter dyssynergia renal damage may occur in the long term. Therefore, such patients must be closely observed for evidence of upper urinary tract dilation and remedial measures must be used to reverse or arrest this situation.
More recently botulinum-A toxin injections in the detrusor muscle have been introduced. 6, 7 Botulinum-A toxin inhibits acetylcholine release at the presynaptic neuromuscular junction resulting in regional decreased muscle contractility and atrophy at the site of injections. 13 Schurch et al reported preliminary results in spinal cord injured patients with refractory detrusor hyperreflexia and found that botulinum-A toxin injected into the detrusor muscle significantly increases mean reflex volume and maximum bladder capacity without any local or systemic side effects. 6 The duration of bladder paresis is at least 9 months, after which repeat injections may be required. Under the conditions imposed in this study, botulinum-A toxin injection into the detrusor muscle is superior to intravesical resiniferatoxin in terms of urodynamic results and clinical benefits in patients with neurogenic detrusor overactivity over long-term followup. However, there are several facets to both treatments that must be addressed.
RTX. First, intravesical administration provides a concentration gradient for RTX which diffuses into and across the urothelium (Fick's first law) . However, in patients with detrusor overactivity urothelium are not all equal. The original disease, duration of disease, level of spinal cord lesions, number and severity of urinary tract infection will all cause variations in urothelial permeability and, thus, in the amount of RTX reaching the target sites. Second, a standard baseline dose (a function of concentration, volume and dwell time) has not been defined and concentrations varying 100-fold have been reported as effective. [2] [3] [4] [5] Third, the optimum vehicle, water based or ethanol and water, has not been defined. Eventually there is no reason that standardized vehicles, volumes and dwell times cannot be achieved. However, it is obvious that RTX concentrations must eventually be individualized for each patient. The problems associated with lipophilic RTX are succinctly described by Szallasi and Fowler. 14 Botulinum-A toxin. Intravesical injections bypass the transurothelial transport uncertainties and all of an injected dose is at or near the target site. This makes the standardization of an effective dose much easier than is the case for RTX and it is probable that a standard routine of injections will suit most patients. An important concern is a possible increase in drug tolerance after repeat injections, a phenomenon which has not been observed in the present study or previously reported by others. 15 Another issue is that RTX administration is a simple procedure that can be performed almost anywhere, even in patient homes. Botulinum-A toxin injections require some form of anesthesia or sedation for the patient, with special equipment and a skilled endoscopist to ensure accurate placement of injections. Therefore, the choice of one treatment or the other depends on the facilities available and patient choice.
CONCLUSIONS
In spinal cord injured patients with neurogenic detrusor overactivity refractory to standard anticholinergic treatment, intravesical resiniferatoxin and botulinum-A toxin injections provided beneficial clinical and urodynamic results with a decrease in detrusor overactivity and restoration of urinary continence in a large proportion of patients. Botulinum-A toxin injection into the detrusor muscle provided superior clinical and urodynamic benefits compared to those of intravesical resiniferatoxin.
